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INTRODUCTION

Application of Behavioral Technology in
Education:
The Keller System

In recent years, application of behavioral technology in the
field of education has increased dramatically.

The most obvious

application is in the area of programmed instruction.

Industry was

the first to apply this technology because the repertoire it wished
to establish in its personnel was well defined (Skinner, 1968).
However, recent application of behavioral technology in lower educa
tion has met with a great deal of success (Becker, 1971).
Keller (1968) was the first to report a college instructional
system utilizing the principles derived from the animal laboratory.
His system included eight essential features.
The first was the exclusive reliance on written materials.
He avoided the use of lectures which he believed to be relatively
inefficient.

Written material could also be made available to the

individual in such a way that he could cover it at his own pace.
The second feature was the use of small study units.

The

semester's course was divided into thirty units of twelve to fifteen
text pages each.

Thus, the student had only a small reading assign

ment at one time and was better able to master it.
Closely related to the second feature was the use of very
explicit instructions regarding each study unit (feature three).
These clearly indicated to the student the important parts of the

1
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material to be covered.

These "study objectives," as they have come

to be called, described the repertoire which should be present after
working through the study material.

They made it unnecessary for

the student to guess what was important to the professor, i.e. what
he would ask on the quiz.
The fourth component was the use of a mastery criterion for
advancement.

After a student had studied one of the small units, he

w as required to pass a short readiness quiz over that unit before
moving on to the next unit.

If the student did not perform ade

quately on the quiz, he was required to restudy the unit and take
a second quiz.

If this quiz was not passed, he would have to take

still another, and so on.

However, except for the extra time and

effort, there was no penalty for taking more than one.

The quiz

was graded immediately after the student had taken it, and he was
told how well he had done.

This immediate feedback was the fifth

feature of the Keller system.
The sixth feature was the use of lectures and demonstrations
as reinforcers.

Students were allowed to attend lectures (but were

not tested on the material presented) contingent on having passed
a sufficient number of units.

Keller reports that few students

made use of this opportunity.
The seventh feature was the use of student proctors in the
grading of quizzes, which made the immediate feedback possible.
They were students who had previously taken the course and had been
chosen for their mastery of the material, maturity, and understand-
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ing of the problems confronting the students.

Each proctor was

assigned approximately ten students whose work he supervised dur
ing the semester.

The proctors were also used in keeping track

of student progress, i.e. recording grades, etc.
The eighth feature was one that Keller considered extremely
important, the self-pacing aspect of his system.

Students were

allowed to progress through the units at their own speed and not
forced to speed up or down according to the progress of the rest of
the class.

Furthermore, if the student encountered personal

difficulties or if there were other behaviors competing with study
ing at a given time, his studying could be postponed to a more
convenient time without any effect on his grade.

The grade in this

course was determined by the number of units successfully completed
during the term (75%), and the score on a comprehensive final exam
(25%).
Student reaction to courses taught utilizing the eight
features mentioned above has been overwhelmingly favorable.

Students

have reported that in comparison wi t h traditional courses, they
enjoyed the course, that their individuality was recognized to a
greater extent, they felt they had mastered the material better, and
had greater feelings of accomplishment.

They also reported that

there was more w o r k required in this course than similar traditional
courses.
The distribution of grades resulting from the course was also
impressive.

The most frequent grades were A ’s and B's w ith only a
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small percent of the students receiving lower grades.

Some postponed

completion of the course until the following semester.

Replications and Variations of the Keller Technique

The application of behavioral technology since the introduction
of the Keller system may be considered to follow three general
patterns:

1) replication of the Keller system with some minor

variations, 2) variations of the Keller system utilizing the inter
view technique and, 3) variations of the Keller system utilizing
teacher pacing.

The following is a review of the literature from

these three major areas.
Replication of the Keller system with minor variations
McMichael and Corey (1969) used a system quite similar to
K e l l e r ’s, the main differences being that study guides were deempasized to some degree and the units were larger.

Their class was an

introductory psychology class with a traditional textbook.

The class

was separated into four groups— with three of the groups serving
as control groups.

Each group was comprised of about 200 students.

The control groups met three times a w e e k for lecture and covered
the same material as the experimental group.

The experimental group's

material was divided into twelve 20 page units, and students in this
group were given a unit with study objectives, contingent upon
passing the previous unit.
as a reinforcer.

Lecture was available to this group only

T h e quiz for the experimental group was ten

objective questions, all of which had to be answered correctly.
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A

final exam and an anonymous course evaluation was given to all four
groups.

The final exam was weighted as 40% of the course grade

for the experimental group and one control group, and as 50% for the
other two control groups.

The results showed that the experimental

group did significantly better on the exams.

Furthermore, on the

anonymous questionnaire, the experimental group rated the course
significantly better than the control groups did.
Witters and Kent (1970) also performed an experiment utilizing
a Keller-like system in a psychology course and also in a cultural
anthropology course.

They varied the format slightly by imposing

some restrictions on the self-pacing aspect of the Keller system,
and in the psychology course, tried to use objectives supplied by
the publisher.

The b ook was divided into thirty units.

A ’read

iness' quiz consisting of eight objective and two essay questions
was given over each unit.

"Pass" was defined as 80% correct.

the quiz was not passed, another similar quiz was given.

If

If the

second quiz w a s not passed, the student was required to perform
a fifty question open book remedial exercise.

The quizzes for all

the units w e r e averaged together to comprise one exam score.

Credit

was assigned b y the number of times a u n i t ’s quiz had to be taken,
i.e. first quiz = 5 points, second quiz = 4 points and remedial =
3 points.

Five hourly exams were given throughout the semester in

order to evaluate the experimental treatment.

The evams were given

to the experimental group's students whenever they completed the
number of readiness quizzes required for a given exam.

The control
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groups attended tri-weekly lectures.
sistently performed better.

The experimental group con

Witters and Kent utilized paid proctors

in addition to student teaching assistants.

There were never any

formal class meetings in the psychology course (experimental group),
although cultural anthropology did hold a few.

A questionnaire was

given, and a comparison of how the experimental and control groups
responded, revealed that both the psychology and the anthropology
experimental groups felt that they had mastered the material better
than the control classes felt they had.

However, only the psychol

ogy experimental group reported they en-joyed the course more than
control classes.
A Keller system was used by Lloyd and Knutzen (1969) to teach
a course on the principles of operant conditioning.

The course

contained all four classifications of undergraduates and met twice
a week.

Students were allowed to pick from a variety of activities

to obtain the number of points required for the grade that they
wanted.

A small number of points (i.e. 45 out of 600) were

required of every student.

Students were allowed to quit working

when they obtained the number of points required for the grade they
desired.

The authors reported that under this system, few students

began to work before the twelfth week.

However, once they began,

all students worked at approximately the same rate.

The authors

also noted that the grade a student received was directly related
to the point in the semester at which he started working, and that
it might be useful to impose some type of motivational device to
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encourage the students to start working earlier.

On the course

evaluation, many students reported their regret at not having
started earlier.

A large proportion of students (17/23) reported

the course to be good or excellent.
In another study, a self-paced statistics class was scheduled
to meet two and one half hours a day— five times a week (Myers, 1970).
All wo r k had to be done during the class period.

Twenty-four units

had to be passed during the semester with a minimum of three errors
per exam to achieve an ’A' in the course.
the unit quiz had to be corrected.

Furthermore, errors on

No lectures were given and

books were available only in the classroom during the specified
time.

The results of this structure was that all the students

did well in the course, and most of them favored the course over
similar courses taught in a traditional manner.

In addition,

students felt that they had learned more and had a great" deal of
confidence in their statistical abilities.

Many indicated a desire

to take more courses w i t h a similar structure and identified the
best feature of the course as the immediate feedback on quiz
performance.
Minor variations of the Keller system utilizing the interview
technique
Many teachers highly value the vocal repertoires established
in their students.

This is the reason for the development of an

interview method of testing.

Ferster (1968) was among the first

to utilize the interview technique to establish a fluent spoken
repertoire in his students.

In an introductory psychology class,
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students took their quizzes orally from another student and were
allowed to refer to the text at any point during the interview.

For

each time a student took an interview, he was also required to
serve as the interviewer of another student.

Study objectives were

utilized and the grade the student received was related to the num
ber of units he passed.
by both parties

The accuracy of the interview was assessed

(interviewer and interviewee), and the total inter

view lasted approximately ten minutes.

The student w as simply asked

to describe the contents of an approximately fifteen page assign
ment.

Longer essay exams were given periodically to ascertain the

proficiency of the interviews.

Ninety percent of those w h o finished

the course received a grade of A.

All but two out of the 79 stu

dents performed s a t i s f a c t o r i l y on a final exam.

The author states

that the only ’drawback' of the course was that only 72% of the
students who were enrolled completed the course.
Shepard and MacDermot (1970) used a similar procedure in a
introductory psychology class of 203 students.

The students were

randomly assigned to experimental and control groups.

The interview

technique was modified slightly in that the interviewer w a s usually
a student of the class who had recently passed the unit.

However,

approximately once every five interviews, the interviewer was a
teaching assistant.

The interview involved discussion of the current

material and students were allowed to refer to their notes.
tests were given approximately every five units.

Essay

The adequacy of

the essay exams, which were always graded by teaching assistants,
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like the adequacy of the interviews was determined h y both the
"taker” and grader.

The student was required to perform 36 inter

views and take eleven essay exams plus listen to a number of other
student interviews for an A in the course.

N o penalties were imposed

for failing interviews and the student could stop working at a lesser
number of interviews if he had reached criterion for the grade he
desired.

Interviews and essay exams were self-paced and these

activities could b e accomplished during the three scheduled class
hours per week or in a small classroom staffed by two teaching
assistants from 12 p.m. to 5 p.m. each weekday.
The control group met twice weekly in discussion groups and
received the same objectives as the experimental group.

They were

required to read the entire book and write two short papers.

The

final exam counted 50% of their grade while it did not count toward
the grade at all for the experimental group.
The experimental group received approximately equal proportions
of A ’s, B ’s and C ’s with a few D ’s and E ’s.

In comparison with

the control group, the experimental group did significantly better
on the final exam.

These results were achieved in spite of the

two experimental biases introduced b y the author, which were that
the control’s (but not the experimental’s) final exam counted toward
their course grade; and the controls

(but not the experimentals) were

required to read the entire book on which the final exam was based.
The authors noted that the grade on the final exam for the experimen
tal group was directly related to the grade obtained, which was
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based on the number of units completed.

In addition, the authors

reported that they were impressed by students' active conversational
abilities but disliked the large percentage of drops in the exper
imental group due to, as one student put it, "too much work."
A similar system using an oral exam technique involved a rate
measure of competency (Johnston and Pennypecker, 1971).

This appli

cation placed emphasis not only on the quality of the verbal reper
toire, but the speed at which the behavior could be emitted.

Under

the rate contingencies, the student was required to answer 3.5 ques
tions correctly per minute and not more than ,4 questions incorrectly
per minute.

The quiz consisted of fill-in questions on 3 x 5 cards

presented by teaching assistants.

Cumulative grade records were

kept and the final average was required to equal the criterion pre
viously stated.

A cumulative number correct criterion line and

incorrect criterion rate line were calculated.

The student’s

cumulative correct performance for the semester had to exceed the
correct criterion line, and his cumulative incorrect performance had
to fall below the incorrect criterion line.

This procedure was

instituted in an attempt to discourage carelessness in the initial
encounter with a unit quiz.

A teaching assistant’s grade depended

on student's performance as well as other contingencies.

These

other contingencies were designed to discourage the teaching assist
ants from helping the students too much.
The study showed that in addition to the large amounts of ver
bal behavior generated under precise stimulus control, most of the
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students (66 out of 68 ) reached or exceeded the criterion for cor
rect and incorrect responses.

On a questionnaire given at the end

of the semester, students indicated that they liked this method
of instruction.
Significant variations in the Keller system
Most problems reported in utilizing the Keller technique
deal with the self-pacing aspect,

Gallup (unpublished manuscript),

who has worked w ith the Keller system extensively, reported that
one of the saddest problems which he has faced is that of procrasti
nation on the part of the students.

Other problems dealing with

the self-pacing aspect have also been reported.

For instance,

Ferster (1968) noted that many of his students failed to finish
the course.

Similarly, Lloyd and Knutzen (1969) pointed out that

the use of due dates as a motivational device, at least initially,
___

might b e beneficial.

Working under the assumption that self-pacing was not an
essential part of the Keller system, and noting the problems in
volved with this aspect, Mallott and Svinicki (1969) abandoned self
pacing in favor of teacher-pacing.
These investigators described a teacher-paced system for one
thousand students.

They utilized daily quizzes over small units

to avoid forcing the students to cram for major exams.
the quizzes was immediate.
unit.

Feedback on

Objectives were given over each d a y ’s

Make-up quizzes for persons not meeting a 100% mastery

criterion on the regular quiz were given the night of the quiz and
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the day after it.

Failure to make up any one quiz put the students

in contact with what was known as the "doomsday contingency".

The

doomsday contingency simply specified that anyone failing a quiz and
then failing to make it up ? received an E in the course.

Although

this sounds extremely aversive, the results showed that very few
students contacted this contingency.

The results of this technique

was that 80-90% of the students received A ’s in the course, and it
was ascertained that the averaged student put in about 12 hours of
studying time a week for the three hour course.
Michael (unpublished system) has also eliminated self-pacing
from his method of instruction.

This system utilizes essay exams,

student proctors and study objectives.
a week.

The class meets four times

M o n d a y ’s activity is a lecture over some of the material

to be covered on the quiz the following day,

On Tuesday, the quiz

is given and the student can obtain one of three possible grades—
pass (10 score pts.), questionable (2 score pts.) and fail (0 score
pts.).

On Wednesday, the papers are returned to the students.

At

this point, the students are allowed to request reconsideration
of any items they felt were unfairly graded.
procedure, a remedial lecture is given.

After the regrading

On Thursday, the remedial

quiz is given for all students who did not pass Tuesday's quiz.
This quiz has four possible grades which are pass (8 score pts.),
questionable (6 score pts.), rotten (4 score pts.) and fail CO score
pts.).

The maximum number of score points for any one weekly unit

is 10.

During the semester, a total of fifteen units are available,
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therefore, the total number of score points available is 150.
an A in the course, a student must acquire 140 points.

For

A course

survey in the most recent semester (Winter, 1972) showed that the
students felt the course was well organized and utilized good
educational technology.

In the course, approximately 90% of the

students received letter grades of A .

Problems Involved in Instituting Behavioral Technology

The studies just reviewed show that educational technology
is available for those who wish to implement it.

As education be

comes a growing industry in society, there is an increased demand
for m ore efficiency in the systems.

Behavioral technology provides

for this increase in efficiency, and at the same time accomodates
increased numbers of students.

In addition, in many of the

studies reviewed utilizing the Keller system and variations of it,
students themselves report that such systems are more efficient and
more enjoyable than traditional systems of instruction.
Due to the recency of this type of behavioral technology, there
are probably not many college instructors familiar with it.

In

addition, there are many problems with the institution of such
technology.

Probably the validity of this type of system will be

doubted by individuals who are critical of behavioral psychology
since its developers had that orientation.

Furthermore, it often

seems to be in direct conflict with other recent philosophies of
education, such as the free school system where the students are
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self-motivated and the grade plays only a small role.
In addition to theoretical and philosophical reservations, such
sytems also involve a number of practical problems.
has outlined some of these.

Gallup (1971)

It is sometimes difficult to obtain

administrative permission to run such a course, especially if it is
more expensive than other similar courses.

Extensive organization

of course materials is required and the instructor must select and
train assistants.
of the course.

All these problems occur prior to the initiation

Once the course is operative, room and equipment must

be readily available, poor proctors improved or replaced, tests must
be revised and item analyses run, extensive records must be kept,
procrastination on the part of the students must be dealt with and
decisions on borderline grades must be made.
becomes well known still more problems arise.
rumors spread and enrollment may increase,

When the course
Gallup reports that

^ o m e students will

demand the same system in other upper level courses leading to
difficulties with colleagues.
One might expect to encounter a third and troublesome problem
within the teaching profession itself.
themselves as information sources.

Many instructors view

That is, their major function as

an instructor is to present information to their students usually
in the form of lectures.

Under the Keller system, their role in

education is altered significantly in that they become behind-thescenes contingency managers, with duties like writing objectives
and quizzes.

Many instructors find this role unattractive or
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unimportant in comparison with their present role.

Furthermore,

they have usually had little experience in writing objectives,
and the whole task seems quite time consuming.

Therefore, due to

the fact that they have been having reasonable success with tra
ditional methods, and were themselves taught with these methods,
we might expect considerable resistance to change within the teach
ing profession itself.
On the other hand, the reasons for the success of the Keller
system and its popularity wi t h students, in common sense terms, are
easily identified.

The system is popular because it allows students

to work at their own pace and clearly defines what they are to learn.
Criterion is clearly stated and almost anyone can achieve a grade
of A by simply putting forth the effort.

There is no harsh conse

quence for failing to prepare adequately or not having time to study.
The

reasons for the s y s t e m ’s success are just as easily identified.

The

system requires that the student make frequent contact w i t h the

material, for example, in Ke l l e r ’s own course more than thirty
times a semester.

In the traditional class, only 2-6 such contacts

are required according to the number of major exams.

Furthermore,

Keller's system requires that the contacts not only be frequent but
effective— the student must meet a mastery criterion before proceed
ing

to new material.

In the traditional system, ineffective contact

is consequated only by a low grade, remediation is not required or
even allowed in most cases.
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Logic of the Current Research

Due to competing educational philosophies, the problems in
volved in instituting a Keller-type class and the way many educators
v i e w their jobs, many instructors may be hesitant about instituting
such a system.

Therefore, this research is aimed at instituting

a minimal-cost solution (in terms of time and effort) which fits
the traditional class setting.

This technique will eliminate only

a small portion of the lecture time for the purpose of giving a ten
v

minute quiz.

This quiz is designed to encourage the student to make

more frequent contact with the material.

In addition, the quiz

will count as a small portion of the regular exam in order to increase
the student’s interest in making an effective form of contact with
the material.

It could not be argued that even more frequent quizzes

wi t h each having a direct relationship to the final grade, would
not be even more effective.

However, the current system will be

less expensive, not as subject to philosophical criticism, and will
take only an insignificant portion of lecture time from the instruc
tor.

If successful, this system may encourage hesitant instructors

to make more thorough use of contingency management techniques.
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IffiTHOD

Subjects

The subjects were 294 Western Michigan University sophomores,
juniors and seniors enrolled in Biology 219, Human Physiology.

A

number of biology majors and minors enroll in the course, and the
course is required for physical education majors, occupational
therapy majors and the dietetic curriculum.

Also included in the

experiment were three laboratory sections (averaging 28 students
each) of nurses from Bronson Hospital School of Nursing.

Apparatus

An IBM quiz grading machine was utilized in scoring the pretests.
The R-Banova program available on the PDP-10 in Rood Hall (WMU) was
used for statistical analysis of the data (Library Program #1.9.1.).
This program performed a balanced analysis of variance for a
factorial design.

Procedure

The experiment dealt with the lecture portion of the Human
Physiology course.

This portion was normally conducted on a five

tests/semester format with no cumulative final exam.

In this exper

iment, the first exam was scheduled and administered without any
modifications.

The results of the exam were used as a blocking

17
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variable to group the students according to initial effectiveness
wi t h respect to this type of subject matter.
dure was used in grouping.

The following proce

First, the test scores were arranged

in a frequency distribution from highest to lowest.

Next, the

highest score was randomly assigned to one of two groups ( c a l l e d
A and B) and the second highest score to the other group.

Then

the next two highest were assigned in a similar manner and so on
down to the lowest two grades.
Group A was given a ten question true-false quiz during the
last 10 minutes of the regularly scheduled class period approximate
ly four days prior to exams 2 and 4.
procedure for exams 3 and 5.

Group B followed the same

The short test was designed to empha

size the major objectives of the unit so that any student who had
spent some time reading and familiarizing himself with the unit
material, would have no trouble obtaining a high percentage correct
on that test.

Its purpose was to increase the student's readiness

to take the major exam by causing him to make contact w i t h the
material prior to the night before the exam.

The quiz counted 20%

of the exam score to increase the chance that the students would
m a k e a reasonable effort to prepare for it.

The students were

informed of this procedure by handing out a written notice in
laboratory sections during the week preceeding the second exam.
The notice read as follows:
The Human Physiology class will be divided into two groups
called A and B. Each member of the class will be in one of the two
groups.
Approximately two class periods before exams number 2 and
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number 4, group A will be required to take a quiz covering the same
material as the exam to follow,
Group B will follow the same pro
cedure for exams number 3 and 5. The quiz will be given in the last
ten minutes of a regularly scheduled class and will consist of 10
true-flase questions.
The quiz will not require detailed knowledge
of the material to be covered on the major exam, but it will require
that you have read the assigned material in advance and looked over
or written out the study questions for that unit.
The groups have not been formed yet, but will be posted as soon
as they become available.
Group A will take the first quiz tenta
tively on February 22.
Other quiz days will be announced as test
dates are set.
**N0TE The quiz w ill count 20% of the exam grade. Your total
grade will be computed by taking 4/5 of your exam score (which will
be graded on a 100% basis) and adding to it your quiz score.
For example, if you scored 9 on the 10 question quiz, and 75%
on the exam, your final score will equal 4/5 (75) + 18 or 78%.
Furthermore, if you get the
same 75 but fail to take the quiz, you
will receive a grade of 4/5 (75) + 0 or 60%.
The answers to the quiz were posted on the laboratory wall
immediately after the first

two pretests and outside the lecture

hall immediately after the last two pretests

so that the students

could find out how they did on the quiz.
The results were first analyzed b y including all the pairs
which qualified

(unabridged analyses).

Those pairs w h ich did not

qualify were cases in w h ich one or both members had not taken the
major exam, the experimental student had not taken the pretest or the
control student had mistakenly taken the pretest.

A n abridged anal

ysis was then performed using only the pairs of students where the
experimental student performed well on the pretest.

For examc two

and three, the criterion for doing well was scoring 8 or above on
the pretest and for exams four and five, doing well w as defined as
scoring 9 or above on the pretest.
In the unabridged analyses, the subgroups were balanced so
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they contained an equal number of pairs.

This was accomplished

by arranging the eligible pairs from highest to lowest according
to their performance on the first exam.
ble pairs was then divided by three.
ses, the subgroups w ere balanced.

The total number of eligi

Similarly, in abridged analy

The pairs in which the experimen

tal student had done well, were arranged from highest to lowest
according to performance on the first exam.
pairs was divided by three.

The number of eligible

In both types of analyses, the highest

third was assigned to the high subgroup, the middle to the medium
subgroup, and the last to the low subgroup.
In all analyses run, the 20% value of the pretest was not con
sidered.

Ra w exam scores only were utilized in the analyses.

The

20% relative value of the pretest was added in only in terms of
the final grade in the course.

Both groups were given the same

major exam during the same hour.

The results of each exam, after

the first one, were statistically analyzed utilizing a 3 (high,
medium and low) by 2 (groups A and B) analysis of variance to test
for main and interaction effects.
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RESULTS

Group A took their first pretest four days prior to the second
exam, and statistical analysis showed no significant difference
between the two g r o u p ’s test scores (P>.05).

Degrees of freedom,

obtained, and critical values for all analyses presented in this
section are shown in Table 1.

However, this exam was a poor indica

tor since many individuals were unaware of the contingencies or the
nature of the quiz.

Ten persons failed to take the quiz and, in

general, it had been difficult to contact all the students in the
laboratory.

Table 2 shows the means of the subgroups.

The data was then reanalyzed using only the students who had
performed well on the pretest.

The experimental groups mean was

1.88% points higher than the control groups.

(All exams were scored

on a 100% possible basis, and the means of the groups and their
subgroups were computed.

When the means of the control group or its

subgroups were subtracted from the means of their respective experi
mental groups or subgroups, the raw difference between the means is
reported as percentage points).

The means of the subgroups

(Table 3)

showed that the high experimental group scored on the average 3.18%
points better than their control partners while the medium experi
mental subgroup was 1.38% points higher than their control group
partners, and the low subgroup was 1.10% points higher than their
control partners.

Although the results of this analysis were encour-

aging, they were not statistically significant (P>.05).

21
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TABLE 1

OBTAINED F VALUES, DEGREES
OF FREEDOM, AND CRITICAL VALUES
FOR BOTH ABRIDGED AND UNABRIDGED ANALYSES
UNABRIDGED
Exam
Number
2

3

4

5

.

.___

Degrees
Freedom

Obtained
Value

Main Effect
Grouping
Interaction
Error
M ain Effect
Grouping
Interaction
Error
Main Effect
Grouping
Interaction
Error
Main Effect
Grouping
Interaction
Error

1
2
2
240
1
2
2
264
1
2
2
258
1
2
2
258

.003
63.030
.101

3.84
3.0
3.0

4.414
73.687
3.154

3.84
3.0
3.0

3.066
51.529
1.031

3.84
3.0
3.0

.024
64.262
.464

3.84
3.0
3.0

Source

Degrees
Freedom

Obtained
Value

Main Effect
Grouping
Interaction
Error
Main Effect
Grouping
Interaction
Error
Main Effect
Grouping
Interaction
Error
Main Effect
Grouping
Interaction
Error

1
2
2
150
1
2
2
120
1
2
2
150
1
2
2
174

1.293
56.701
.154

3.84
3.0
3.0

10.698
34.845
2.048

3.92
3.0
3.0

11.379
40.247
.556

3.84
3.0
3.0

.419
41.920
.078

3.84
3.0
3.0

Source

Critical
Value (.05)

ABRIDGED
Exam
Number
2

3

4

5

Critical
Value (.05)
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TABLE 2

MEANS OF THE SUBGROUPS
INCLUDING ALL PAIRS WHICH QUALIFIED

Exam
Number

Group

High (N)

Medium (N)

Low

(N)

Grand
Mean

2

Experimental
Control

81.3 (41)
81.4 (41)

70.0
69.9

(41)
(41)

60.6 (41)
61.0 (41)

71.49
71.56

3

Experimental
Control

80.26(45)
79.31(45)

68.86 (45)
68.97 (45)

65.48(45)
58.76(45)

71.53
69.01

4

Experimental
Control

89.96(44)
90.73(44)

81.80 (44)
77.64 (44)

75.23(44)
72.02(44)

82.32
79.97

5

Experimental
Control

86.14(44)
87.86(44)

72.86 (44)
72.00 (44)

68.23(44)
66.68(44)

75.74
75.51
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TABLE 3

MEANS OF THE SUBGROUPS INCLUDING
ALL PAIRS IN WHICH THE EXPERIMENTAL
STUDENTS PERFORMED WELL ON THE PRETEST

Exam
Number

Group

High (N)

Medium (N)

Low

(N)

Grand
Mean

2

Experimental
Control

85.12(26)
81.94(26)

74.26 (26)
72.88 (26)

62.48 (26)
61.38(26)

73.94
72.06

3

Experimental
Control

83.88(26)
82.88(26)

77.26 (26)
70.95 (26)

70.70(26)
61.50(26)

77.29
71.77

4

Experimental
Control

93.92(26)
91.15(26)

85.92 (26)
79.92 (26)

79.54(26)
73.42(26)

86.46
81.50

5

Experimental
Control

8 9 .33C30)
90.07(30)

76.87 (30)
79.00 (30)

71.57(30)
72.13(30)

79.36
80.40
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Group B took their first pretest four days prior to the third
exam.

By this date, most of the students had found out about the

contingencies and the nature of the pretest.

Statistical analysis

of the results showed that this experimental group did significantly
better than their controls (P<.05) with the majority of the differ
ence occuring in the lowest subgroup.

As can be seen from Table 2,

the experimental group's low subgroup average score was 6.72% points
better than their control partners.
Again an abridged analysis was run using only the test scores
of pairs where the experimental subject had performed well on his
pretest.

The results were statistically significant (P<.05).

Fur

thermore, the means of the subgroups revealed a large effect in both
the low and medium experimental subgroups.

While the low experimen

tal group scored 9.2% points better than their control partners,
the me d i u m group scored 6.21% points higher than their controls as
shown in Table 3.
Group A took their second pretest three days prior to pxam
four.

There was not a statistically significant difference between

the experimental and control groups

(P>.05).

However, as can be

seen from Table 2, the means of the six subgroups showed that the
experimental medium group averaged 4.16% points better pyam scores
than their controls while the low group averaged 3.21% points better
than their controls.
The abridged analysis utilizing the exam scores of only the
students who did w ell on the pretest was statistically significant

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

26

(P<.05).

Table 3 shows that the low experimental group averaged

6 .12% points better than their controls, the medium group averaged
6 .00% points better than their controls and the high experimental
group averaged 2.77% points better than their controls.
Group B received its second pretest 3 days prior to their last
exam and the results were not significant (P>.05).

Table 2 shows

that practically no effect was observed between the means of the
subgroups.
The abridged analysis also revealed no significant difference
(P>.05) between the groups, in fact, Table 3 shows that the control
group averaged slightly higher than the experimental group in all
three subgroups.
For all the analyses of variance, the grouping factor was
significant at the .05 level.

The interaction between the subgroups

of the experimental and control groups was statistically significant
only for the unabridged analysis of the second exam (P<.05).
A n attempt was made to find the reason for this reversal on the
fifth exam b y looking at some of the scores of students who had
dropped from 8 to 50 percent points below their average on the final
exam when compared to previous exam averages.
readily available.
average basis.

The answer was

The course grade was assigned on a cumulative

At the time of the final exam, approximately 80%

of the cumulative average was assigned.

If a student wished to raise

his average by 1%, he would have to score 5% above his existing
average on the remaining exams.

Table 4 presents the scores of
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TABLE 4

SCORE RECORDS OF 22 GROUP B STUDENTS

Student

Exam
Average

Laboratory
Average

Cumulative
Average

Score on
Last Exam

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22

85.0
76.1
72.8
75.8
83.1
70.0
70.5
63.0
90.8
63.3
85.1
78.4
67.4
62.8
73.2
64.0
73.9
73.1
62.9
69.8
83.4
72.4

93.0
89.7
95.3
89.3
90.0
88.7
82.0
99.3
99.3
89.3
96.7
87.3
90.7
87.3
86.0
95.3
91.3
82.7
89.0
94.3
97.3
96.3

87.7
80.6
80.3
80.3
85.4
76.2
74.3
75.1
93.6
72.0
89.0
81.4
75.2
71.0
77.5
74.4
79.7
76.3
71.3
78.0
88.0
80.4

70
24
64
58
72
48
62
52
26
58
80
72
50
54
58
48
58
56
36
56
76
60
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22 students who were in a position where it was difficult or impos
sible to raise their grade to the next level; however, it was also
extremely difficult to lower it.

For example, student #1 had a

93% average in lab and an 85% in lecture.

However, the lecture weighed

about three times as much as lab at that point, therefore, his run
ning average was 87.7%.

In order to get into the A range, he would

have had to average approximately 99.5% on the remaining exams
which were the last lecture exam and the laboratory final exam.

In

order to stay in the B range, he only needed an average of 40% or
greater.

It could be guessed that under the pressure of other

activities and exams, he elected the latter and scored a 70% on the
final.

Furthermore, we provided him with a portion (20%) of that

exam score by consequating his pretest, and even though he did well
on the pretest, he apparently still elected not to try for the high
grade.

Most of the remaining 24 students’ scores records may be

analyzed in the same way.

In some cases, however, students were

borderline (see students 2, 3 and 22) and elected to take the lower
grade.

The reasons for this behavior is unknown, however, pressure

of other activities is probably the major variable.
A questionnaire was designed to try to assess the degree to
which the pretest served as a deterrent from studying in the case
of this last lecture exam.

The questionnaire was given at the final

laboratory exam to both groups.

Only 16% of group A reported that

they did not try to raise their grade because they could not or they
had other finals.

Eighty-four percent of group A reported that
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they studied normally or harder than ever.

When group B alone was

asked h o w they had prepared for the exam after seeing how they had
done on the pretest, 35% reported that they had made little or no
effort to prepare for the exam.

This suggests that the pretest, for

some reason, had the detrimental effect of doubling the number of
students in the experimental group who felt they could not hope
to change their grades.
Finally, in dealing w ith the problem of the detrimental effect
of the pretest on the last exam, two students aptly pointed out the
problem under a section of the questionnaire which asked for addi
tional comments.

The first student reports, "I did well on the

pretest although I did not study.

I was worried about m y hourly

exam grade, but because of other exam pressure and a 9 on the pretest
I studied normally— I got my first D on an exam..."

The second stu

dent stated, "The pretest forced me to study to get the material
read ahead of time which was good.

But I c a n ’t say I really studied

for this one because I knew it wasn't going to be difficult or count
too much.

M y final grade was pretty much already decided, even

though I wished I could raise it.

I also had more difficult tests

in other classes where m y grade was borderline to study for."
This survey also revealed that 42% of the students felt that
the pretest, on the occasions that they took it, had increased their
performance on the exams.

Fifty-five percent felt that the pretest

had had no effect and 3% felt that the pretest hindered their perfor
mance.
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One of the questions also dealt with the time spent preparing
for the pretest,

While the mean time spent studying for the pretest

was 1.69 hours, it is interesting to note that the students who
felt the pretests helped their performance on the exam spent an
average of 2.24 hours studying for the pretests while those who
thought it had no effect averaged 1.18 hours.

The nine people who

thought the pretest hindered their exam performance reported that
they spent about 2 hours preparing for the pretest.
In summary, the unabridged analyses of exams number three and
four were statistically or nearly statistically significant.

The

abridged analyses for both these exams were statistically significant,
and the low and medium subgroups gained approximately 5-10% points
over their control partners.
statistically significant.

All other analyses reported were not
An anonymous questionnaire showed that

42% of the students felt that the pretest, on the occasions that
they took it, had helped their major exam performance.

Fifty-six

percent of the students felt that the pretest had had no effect
on major exam performance.

The questionnaire further pointed out

that those students who felt the pretest had had a significant effect
averaged an hour more of study time preparing for the pretest than
their control partners.
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DISCUSSION

The mode of communication wi t h the students through the labor
atory sections was unreliable.

Some students failed to obtain the

information from their laboratory instructors and had to find out
about the pretest from other students.

The handouts were dittoed off

and the number of copies remaining after all laboratory sections had
met suggested that not all students had obtained copies.

Further

more, many of the laboratory sections met only one or two days prior
to the first pretest.

This probably severely limited the amount of

time the students had to prepare for the quiz.

Nevertheless, the

students who made some effort to prepare for the quiz, which was
reflected by the fact that they did well on the pretest, showed a
slight increase over their controls.

It is further interesting

that this was the only exam in which the high subgroup accounted for
the largest increase (3.2%).

This data lends credibility to the

notion that only the good students who were alert and became imme
diately aware of the contingencies were affected by the first pretest.
The fifth e xam also presents a special case.

The cumulative

nature of the score on which the course grade was based probably made
some of the students feel that their grade was unimprovable.

Analysis

of the individual records of many of the students showed that it
would have been difficult for the student to raise his average.

In

addition, the survey pointed out the fact that having knowledge of
the pretest more than doubled the percentage of people in the exper-
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imental group who felt resigned to their grade when compared to the
control group.
The pretest for the fifth exam was not very difficult and the
students could find out how well they had done by looking at the
key placed outside the room where the quiz was taken.

Furthermore,

the fifth exam was given during the last week of the semester, or
finals week, and many of the students had exams in several other
classes.

In this case, the pretest may have served to give the

students a feeling of confidence in their knowledge of the material,
which allowed them to concentrate on other pressing matters.

The

comments of the two students presented in the "results" can be taken
as support of the point.
For the previous reasons, exams number two and five will be
excluded from further discussion on the grounds that they are not
typical results.
On exam number three, the experimental group performed signifi
cantly better than the control group, with the low experimental sub
group accounting for the majority of the improvement.

This fact that

the low subgroup alone made substantial gains while the other two
subgroups were within 1% point of each other, accounted for the sta
tistically significant interaction in this analysis.

On exam number

four, the experimental group was almost significantly better than
the control group— however, in this case, the difference was accounted
for by both the medium and low subgroups.

In spite of the statis

tical or near statistical significance of these two analyses, the
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results are of little practical significance.

For instance, the

fourth pxflTn consisted of fifty multiple-choice questions and the
mean difference between the groups 2.35%.

A system of this nature

which only accounts for the students getting one question more out
of fifty correct seems to be more trouble than it is worth.
The abridged runs of these two exams present quite a different
perspective.

Both were statistically significant beyond the .01

level; and they were of practical significance with a mean difference
of 5.12% on exam three and 4.94% on exam four.

This means that the

average experimental student got 2.5 more questions correct out
of fifty than his control partner.

Furthermore, most of the dif

ferences were observed in the low and medium subgroups.

In these

subgroups, scores ranged from 9.2% to 6.1% better than their control
partners.

In a course where the letter grades are assigned on the

basis of an absolute scale (that is 90-100 = A, 80-90 = B,etc), as
was the case in the present course, this is a half letter grade
difference at least, and at most, a full letter grade.
It is interesting to note that the high subgroup never regis
tered a gain of more than 2.77% on either of these runs.

This could

be due to the fact that the good student contacts the material so
frequently that the additional contact does not significantly effect
his performance.
The difference between the results of the abridged and the
unabridged runs for exams 3 and 4 point out one obvious deficiency
of the present technique.

Most of the students were sufficiently
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motivated to take the pretest, but only a moderate proportion of
them performed well on the pretest.

This suggests that they were

not sufficiently motivated to study carefully for the quiz.

This

was possibly due to the somewhat weak relationship between the
true-false quizzes and knowledge of the material.

It was apparent

to the student that due to the true-false nature of the pretest,
he could expect 5 out of 10 correct by guessing and 6 or 7 with
little knowledge of the material.

Also, the pretest counted as only

1/5 of the exam score, therefore, adding to the assumption on the
student's part that the pretest could be taken lightly.

In other

words, a student scoring six or seven could still gamble on per
forming w ell on the major exam.

To remedy this problem, either

more value could be placed on the quiz or the format of the quiz
could be changed to multiple choice, short answer or any type in
which doing well is more clearly related to knowledge of the mate
rial.

In any case, the abridged analyses clearly points out that

a system which will increase the probability that a student will
make more frequent, efficient contact wi t h the material will sig
nificantly increase his performance on major exams.
Finally, the survey showed that almost half of the students
felt that the pretest helped their exam performance.

In addition,

those who felt the pretest had helped averaged over an hour more
study time preparing for the pretest than those who did not feel
that it improved their exam performance.

These data verify the

assumption that, providing a student was sufficiently motivated
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to make more frequent, effective contact with the material, there
was an improvement in his exam performance.

Furthermore, it sug

gests that the increase provided by this technique is of practical
significance in that many of the students themselves are aware of
the improved performance.
The implications of these results with reference to the Keller
system are unambiguous.

The abridged analyses of the third and

fourth exams clearly point out that frequent, efficient contact with
the material, which is sufficiently consequated, increases academic
performance.
this problem.

Three of K e l l e r ’s main components deal directly with
Keller uses small units which forces frequent contact

with the material.

The use of quizzes for each contact forces the

student to participate and the use of a mastery criterion consequates
the students for correctness.

The current research makes no impli

cations about the other five major components of the Keller system
but it does suggest that these three; small units, mastery criterion,
and frequent quizzes, may be highly significant if not the major
variables involved in the system's success.
Future research in this area could investigate the effects of
all three of these components separately.

For example, four sections

of the same class wit h identical major exams could be utilized with
one section serving as a control group and the other three being
subject to only one of these features.

In addition, to check for

possible interactions between the three components, combinations of
the components could be utilized simultaneously, and then one taken
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away and later replaced by another.

Decreases resulting from re

moval would reflect the amount of the effect due to the component
removed, subsequent increases in performance would reflect the effect
of the component added.

This research would indicate not only how

much effect each component has separately but also what effect com
bining them together has.
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